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(54) Method of recording an image 

(57) A method of recording an image in which a mul- 
ticolor image is recorded by moving in a subscanning 
direction a head having recording elements arrayed in a 
main scanning direction to make variable the density or 
area ratio of each pixel in correspondence with an image 
density, and by combining the colors of yellow, magenta, 
cyan, and black, wherein each color is recorded by dots 
arranged at a fractional dot cycle in the subscanning 
direction, so as to prevent color moire due to misregis- 
tration. 
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BACKGROUND OF THE INVENTION 
5 Field of the Invention: 

The present invention relates to a method of recording an image which makes it possible to display a multiplicity of 
colors with a multiplicity of gradations by making dot pitches with respect to the separation of each color relatively variable 
among various colors. 

10 

Description of the Related Art: 

As a means for obtaining a recording of a multiplicity of colors with a multiplicity of gradations, it is possible to cite, 
for example, the halftone dot gradation representation for representing a desired gradation by making each halftone-dot 

15 area variable in correspondence with the gradation. In this case, a recording is effected by superimposing dots of respec- 
tive colors having identical shapes one on top of another so as to cope with a multicolor recording. However, in the event 
that a misregistration should occur for each recording, color moire would result. 

To avoid the aforementioned color moire, it is possible to cope with the problem by improving the mechanical accu- 
racy. However, since a technical difficulty is involved, the color moire is avoided in fields such as offset printing by varying 

20 the angle of arrangement of dots for each color. That is, instead of arranging the dots regularly in grid form, the angle 
of arrangement of the dots with respect to the main scanning direction is changed by 15, 30. 45, or 75 degrees. 

Also, a means is known for suppressing the color moire by means of random dots, which are free of directionality 
for each color, by adopting the so-called FM screening in which dots of a predetermined size are arranged at random 
in correspondence with a gradation. 

25 The above-described means is capable of effectively suppressing the occurrence of color moire in a case where 
dot pitches in the main scanning direction and subscanning direction can be set to be smaller than a minimum unit area 
in image processing which is dependent on an image processor of an image recording apparatus. However, in the case 
of line heads, such as a thermal head, a liquid-crystal head, a light-emitting diode (LED) head, and an electrolumines- 
cence (EL) head, in which the dot pitch in the main scanning direction is restricted by the size of a recording element 

30 and is substantially set to the aforementioned minimum unit area, the degree of freedom in the change of the dot pitch 
is limited to the subscanning direction. Accordingly, it is not possible to suppress moire fringes effectively. 

To overcome the above-described situation, a method of recording a color image disclosed in Japanese Patent 
Application Laid-Open No. 155057/1993 has been proposed. According to this method, respective pixels of the three 
primary colors are alternately offset by about 1/2 pitches in the subscanning direction so that the pixels of the three 

35 primaries are not arranged linearly in the main scanning drection, and the pixel length of one of the three primaries in 
the subscanning direction is set to be 1/2 of the pixel length of the other colors. As a result, even if a misregistration 
occurs, color patterns in two adjacent rows are maintained in a relationship of complementary color. Hence, the entire 
tone of color does not change, and it is possible to make the irregularity in color less conspicuous. 

As described above, various means have been proposed to obviate the color moire at the time when a multiplicity 

40 of colors are recorded with a multiplicity of gradations. However, even in the case where the multiplicity of colors are 
represented with the multiplicity of gradations by changing the angle of arrangement of halftone dots, it is difficult to 
obviate the occurrence of color moire which is called a rosette pattern which constitutes a factor for harsh texture. 

In addition, according to the method of recording a color image disclosed in Japanese Patent Application Laid-Open 
No. 1 55057/1 993, even in the case where the dot pitch in the main scanning direction is limited, the color moire can be 

45 suppressed effectively in the case of three colors. This being the case, however, it is difficult to obviate the color moire 
which occurs in a case where a multiplicity of colors are recorded with a multiplicity of gradations through the four-color 
separation which is widely adopted in printing or graphic arts. 

SUMMARY OF THE INVENTION 

50 

Accordingly, the present invention, has been devised in view of the above-described circumstances, and it is an 
object of the present invention to provide a method of recording an image which makes it possible to effectively suppress 
color moire even in a case where the dot pitch in the main scanning direction is structurally fixed. 

To this end. in accordance with a first aspect of the invention, there is provided a method of recording an image in 
55 which a multicolor image is recorded by moving in a subscanning direction a head having a plurality of recording elements 
arrayed in a main scanning direction to make variable a density or an area ratio of each recording pixel in correspondence 
with a density of an original image, and by combining colors of yellow, magenta, cyan, and black, wherein the pixel for 
each of the colors is constituted by a dot and/or a blank, the dot having a substantially fixed shape and a variable density, 
and/or the dot having a substantially fixed density and a variable shape, comprising the steps of: recording one color 
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with an arrangement pattern having a particular fixed dot pitch; and recording at least two of the colors with respective 
patterns in which dot pitches in the subscanning direction are set to mutually different fractional multiples of the dot pitch 
of the one color. 

In accordance with a second aspect of the invention, there is provided a method of recording an image in which a 

5 multicolor image is recorded by moving in a subscanning direction a head having a plurality of recording elements arrayed 
in a main scanning direction to make variable a density or an area ratio of each recording pixel in correspondence with 
a density of an original image, and by combining colors of yellow, magenta, cyan, and black, wherein the pixel for each 
of the colors is constituted by a dot and/or a blank, the dot having a substantially fixed shape and a variable density, 
and/or the dot having a substantially fixed density and a variable shape, comprising the step of: setting a dot pitch ratio 

10 of colors of yellow, magenta cyan, and black to 1 : 0.75 : 0.60 : 0.50 in random order. 

In accordance with a third aspect of the invention, there is provided a method of recording an image in which a 
multicolor image is recorded by moving in a subscanning direction a head having a plurality of recording elements arrayed 
in a main scanning direction to make variable a density or an area ratio of each recording pixel in correspondence with 
a density of an original image, and by combining colors of yellow, magenta, cyan, and black, wherein the pixel for each 

is of the colors is constituted by a dot and/or a blank, the dot having a substantially fixed shape and a variable density, 
and/or the dot having a substantially fixed density and a variable shape, comprising the steps of: recording the colors 
with respective patterns in which dot pitches in the subscanning direction are set to mutually different fractional multiples 
of the dot pitch of one particular color; and increasing the dot pitch in the main scanning direction of one or more colors 
to lower a resolution in the main scanning direction of the particular color. 

20 In accordance with a fourth aspect of the invention, there is provided a method of recording an image in which a 
multicolor image is recorded by moving in a subscanning direction a head having a plurality of recording elements arrayed 
in a main scanning direction to make variable a density or an area ratio of each recording pixel in correspondence with 
a density of an original image, and by combining colors of yellow, magenta, cyan, and black, wherein the pixel for each 
of the colors is constituted by a dot and/or a blank, the dot having a substantially fixed shape and a variable density, 

25 and/or the dot having a substantially fixed density and a variable shape, comprising the step of: recording each of the 
colors with a pattern having a dot pitch in which dots are arranged randomly in the subscanning direction. 

In accordance with a fifth aspect of the invention, there is provided a method of recording an image in which a 
multicolor image is recorded by moving in a subscanning direction a head having a plurality of recording elements arrayed 
in a main scanning direction to make variable a density or an area ratio of each recording pixel in correspondence with 

30 a density of an original image, and by combining colors of yellow, magenta, cyan, and black, wherein the pixel for each 
of the colors is constituted by a dot and/or a blank, the dot having a substantially fixed shape and a variable density, 
and/or the dot having a substantially fixed density and a variable shape, comprising the steps of: recording one color 
with a dot arrangement pattern having a particular fixed dot pitch; and recording another color with a dot arrangement 
pattern having a dot pitch in which dots are arranged randomly in the subscanning direction. 

35 In accordance with a sixth aspect of the invention, there is provided a method of recording an image in which a 
multicolor image is recorded by moving in a subscanning direction a head having a plurality of recording elements arrayed 
in a main scanning direction to make variable a density or an area ratio of each recording pixel in correspondence with 
a density of an original image, and by combining colors of yellow, magenta, cyan, and black, wherein the pixel for each 
of the colors is constituted by a dot and/or a blank, the dot having a substantially fixed shape and a variable density, 

40 and/or the dot having a substantially fixed density and a variable shape, comprising the steps of: recording yellow with 
a pattern having a dot pitch in which dots are arranged randomly in the subscanning direction; and recording magenta, 
cyan, and black with respective fixed dot pitch patterns in which dot pitches in the subscanning direction are set to 
mutually different fractional multiples of the dot pitch of yellow. 

In accordance with a seventh aspect of the invention, there is provided a method of recording an image in which a 

45 multicolor image is recorded by moving in a subscanning direction a head having a plurality of recording elements arrayed 
in a main scanning direction to make variable a density or an area ratio of each recording pixel in correspondence with 
a density of an original image, and by combining colors of yellow, magenta, cyan, and black, wherein the pixel for each 
of the colors is constituted by a dot and/or a blank, the dot having a substantially fixed shape and a variable density, 
and/or the dot having a substantially fixed density and a variable shape, comprising the step of: setting dot pitch ratios 

so of colors of yellow, magenta cyan, and black in the main scanning direction and the subscanning direction to 2 : 1 : 2 : 
1 and 1 : 0.75 : 0.60 : 0.50, respectively 

In accordance with an eighth aspect of the invention, there is provided a method of recording an image in which a 
multicolor image is recorded by moving in a subscanning direction a head having a plurality of recording elements arrayed 
in a main scanning direction to make variable a density or an area ratio of each recording pixel in correspondence with 

55 a density of an original image, and by combining colors of yellow, magenta, cyan, and black, wherein the pixel for each 
of the colors is constituted by a dot and/or a blank, the dot having a substantially fixed shape and a variable density, 
and/or the dot having a substantially fixed density and a variable shape, comprising the step of: setting dot pitch ratios 
of colors of yellow, magenta cyan, and black in the main scanning direction and the subscanning direction to 2 : 2 : 1 : 
1 and 1 : 0.60 : 0.75 : 0.50, respectively 
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In accordance with a ninth aspect of the invention, the method of recording an image according to the seventh 
aspect of the invention may further comprise the step of: consecutively executing in a predetermined pixel cycle a res- 
olution conversion operation in which a resolution in the subscanning direction in color separation of yellow, magenta, 
cyan, and black each having a predetermined resolution is converted by interpolation processing, and a mask operation 
5 in which masks each having a predetermined pattern are superimposed on respective color-separated images with 
resolutions thereof converted, and a value of gradation data of the pixel which overlaps with the predetermined pattern 
among the pixels is set to a 0 so as to extract gradation image data of the respective colors. 

In accordance with a 1 0th aspect of the invention, the method of recording an image according to the ninth aspect 
of the invention may further comprise the steps of: performing pattern processing in which gradations of the pixels of 
10 each of the colors are allotted to elements of a submatrix which is arranged in the subscanning direction in a unit of two 
pixels after the resolution conversion operation; and performing cancellation processing in which a predetermined 
number of low-order bits of the gradation data of each of the pixels before or after the mask operation. 

In accordance with an 11 th aspect of the invention, the method of recording an image according to the 10th aspect 
of the invention may further comprise the step of: determining the number of factors of the submatrix in accordance with 
75 the value of the gradation data. 

In accordance with a 1 2th aspect of the invention, the method of recording an image according to the ninth aspect 
of the invention, in the mask operation gradation data having a maximum value is extracted with respect to an image in 
which the value of the gradation data has a maximum value. 

In the present specification, the term "dot" is defined as a continuous tone dot (i.e., a dot having a substantially fixed 
20 shape and a variable density) and/or a halftone dot (i.e., a dot having substantially fixed density and a variable shape). 
In addition, the term "pixel" is defined as a unit of image recording which consists of the dot and/or a blank. Accordingly, 
the "dot pitch" referred to herein represents the sum of a dot length and a blank length in a designated direction in a 
relevant pixel (i.e., the dot pitch represents the pixel length in a designated direction). 

According to the above<lescribed means in accordance with the present invention, when an image is recorded by 
25 a head having a plurality of recording elements arranged in a predetermined pitch, color moire can be suppressed by 
varying the dot pitch in the subscanning direction by a desired magnification with respect to each color separation. 

The magnification which is set for the dot pitch of each color separation in the subscanning direction is set to a 
fractional multiple of the dot pitch of one color which is recorded with a normally arranged pattern (i.e., by setting the 
magnification with respect to the normal pattern as 1). 
30 That is, when a four-color-separated image is formed, for example, Y is recorded with the normally arranged pattern, 
and M, C, and K are recorded with patterns which are set to mutually different fractional multiples of the dot pitch of Y. 
That is, the dot pitch ratio is set to Y : M : C : K = 1 : s : t : u (s, t, u: fractional numbers). 

In addition, the color moire can also be suppressed by recording at least one color with a pattern in which the dots 
are arranged randomly in the subscanning direction. 
35 Further, the color moire can also be suppressed by recording one color with a normally arranged pattern and by 
recording the other color(s) with a respective random pattern. 

In particular, the color moire can also be suppressed favorably if yellow is recorded with a randomly arranged pattern; 
and magenta, cyan, and black are recorded with respective patterns in which the dot pitches are set to mutually different 
fractional multiples. 

40 An optimum ratio in the subscanning direction of the dot pitches of the colors which makes it possible to suppress 
the color moire is Y : M : C : K = 1 : 0.75 : 0.60 : 0.50. 

In the case where the dot pitches in the subscanning direction are set to the optimum ratio, if horizontal-line moire 
appears in the recording of a particular image, the dot pitches in the main scanning direction of the respective colors 
are varied. As a result, the occurrence of moire is dispersed without synchronization, so that the occurrence of the 
45 horizontal -line moire can be avoided. 

More preferably, the ratio in the main scanning direction of the dot pitches for the respective colors is set to Y : M : 
C:K = 2:1:2:1, and the ratio in the subscanning direction is set to 1 : 0.75 : 0.60 : 0.50. 

This combination is obtained by a resolution conversion operation and a mask operation. Further, pattern processing 
which is executed after the resolution conversion operation and cancellation processing which is executed before or 
so after the mask operation are executed. 

The pattern processing and the cancellation processing are for reducing the amount of information in the gradation 
data of the image, and are used to alleviate the burden imposed on a recording apparatus. In pattern processing, the 
number of offset factors of a submatrix to which the gradations of the pixels are allotted can be determined in accordance 
with the value of the gradation data. In addition, in a case where the value of the gradation data is a maximum value. 
55 i.e., represents a maximum density, the gradation data can be extracted. This operation is performed for faithfully rep- 
resenting a contour of a character or the like. 

The above and other objects, features and advantages of the present invention will become more apparent from 
the following detailed description of the invention when read in conjunction with the accompanying drawings. 
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Fig. 1 A through 1 D are diagrams illustrating patterns in accordance with an embodiment of the present invention; 
Fig. 2 is a diagram illustrating horizontal -line moire; 
5 Fig. 3 is a diagram illustrating patterns for avoiding horizontal-line moire shown in Fig. 2; 

Fig. 4 is a diagram illustrating processing for obtaining arrangement patterns in accordance with the present inven- 
tion; 

Fig. 5 is a diagram illustrating processing for obtaining arrangement patterns in accordance with the present inven- 
tion; 

io Fig. 6 is a diagram illustrating processing for obtaining arrangement patterns in accordance with the present inven- 
tion; 

Fig. 7 is a diagram illustrating processing for obtaining arrangement patterns in accordance with the present inven- 
tion; 

Fig. 8 is a diagram illustrating processing for obtaining arrangement patterns in accordance with the present inven- 
ts tion; and 

Fig. 9 is a diagram of a pattern in which the various color patterns shown in Fig. 3 are superimposed one on top of 
another. 

Fig. 10 is a schematic block diagram of the recording apparatus. 

Fig. 1 1 is a schematic flow diagram of 4 color image recording in accordance with the present invention. 

20 

DESCRIPTION OF THE PREFERRED EMBODIMENT 

Referring now to the accompanying drawings, a description will be given of an embodiment of the present invention. 
Fig. 1A through 1D shows an embodiment of the present invention, and illustrates recording patterns which are 
25 adopted for each color in a case where a multiplicity of colors are recorded with a multiplicity of gradations through the 
four-color separation of yellow (Y), magenta (M), cyan (C). and black (K). 

That is, Fig. 1 A shows a specific normally arranged pattern in which the dots are arranged regularly. Fig. 1 B shows 
a randomly arranged pattern in which the dots are arranged randomly in the subscanning direction. Fig. 1 C shows a 2/3 
arrangement pattern in which the dots with their dot pitches in the subscanning direction reduced to 2/3 of those of a 
30 normal pattern are arranged regularly. Fig. 1 D shows a 1/2 arrangement pattern in which the dots with their dot pitches 
in the subscanning direction reduced to 1/2 of those of the normal pattern are arranged regularly. 

Further, an arrangement pattern can also be formed in which the dot pitch in the subscanning direction is varied by 
a predetermined magnification, in the same way as in Fig. 1C and 1D. 

The following shows a visual evaluation of color moire and harsh texture obtained when monotone images are 
35 recorded with respective area ratios set to 50% in the respective color separation by using a recording apparatus having 
a main-scanning-direction resolution of 300 dpi and a sub-scanning-direction resolution of 600 dpi and provided with a 
line thermal head having a main-scanning-direction length of 70 5m and a sub-scanning-direction length of 55 5m in 
terms of the heater size, by fixing the dot pitch in the main scanning direction to 300 dpi, and by varying the dot pitch in 
the subscanning direction (with the normal dot pitch set to 300 dpi) in various ways. 
40 Incidentally, a recording was effected such that color moire was made easily observable by causing a misregistration 
of the colors at the time of evaluation. Recording materials used were colorants (Y, M, C, and K) used in a thermosensitive 
transfer recording material disclosed in Japanese Patent Application Laid-Open No. 263695/1993. 

That is, the thermosensitive transfer material is prepared by a process in which 0.24 g of a stearic acid amide and 
60 g of n-PrOH are added to 10 g of four kinds of dispersions including the following colorants A to D so as to obtain a 
45 coating solution, and a polyester film (manufactured by TEIJIN LTD.) provided with release treatment on its reverse 
surface and having a thickness of 5 5m is coated such that dried film thicknesses A to D become 0.36 5m, 0.38 5m, 
0.42 5m, and 0.40 5m, respectively. 



so 
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A: cyan pigment: (CI, P. B. 15:4) 


120 


- 


- 


B: magenta pigment: ( CI, P. R. 57:1) 


- 


12 g 


- 


C: yellow pigment: (CI. R Y. 14) 


- 


- 


12 g 


D: carbon: (MA-100 manufactured by Mitsubishi Chemical Corp.) 






12 g 


Butyral resin. (S-LEC FPD-1 manufactured by Sekisui Chemical Co., Ltd., with 






12.0 g 


a softening point of 70oC and an average polymerization degree of 300 or less) 








Solvent: n-propyl alcohol (n-PrOH) 






110.4g 


Dispersion assistant: Solsperse S-20000 (manufactured by ICI Japan Ltd.) 






0.8 g 



A schematic block diagram of the recording apparatus is shown in Fig. 10, and a flow diagram of 4 color image 
recording operation is summarized in Fig. 11. 

20 In step 1 1 0, the color flag is set to resolution conversion block 1 02 by the CPU 1 1 2 to indicate the one specific color 
separation image data to be processed. Next, in step 1 12, the paper position is initialized (reset) to start recording of 
the indicated color separation, and then, in step 114, the indicated color image data is loaded to resolution conversion 
block through data buffer 1 00. The resolution conversion and additional processing (if needed) are performed for loaded 
data, and the converted data is loaded to line buffer 104 for printing. In step 118, the line data is printed by print head 

25 108 through data/strobe conversion 106, thus the indicated color image is printed through line by line base operation. 
During the printing, the rotation speed of the paper dive roll 1 1 0 is maintained to be constant by CPU 1 1 2 through motor 
drive 1 14 and pulse motor 1 16. If it is determined, in step 120. that there remains other color separation to be printed, 
the same process is repeated from step 110 for remaining color. If all cola* separations are printed out, the apparatus 
feed out the printed paper, and the operation ends. 

30 
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As shown in Table 1 . if the dot pitch ratio for the subscanning direction was set to one consisting of fractional numbers 
relatively among the respective colors, the color moire was alleviated. In particular, if K was set to a fractional number, 
the color moire was further alleviated. (See Examples 1 to 3, 8 and 9.) 

In addition, if the random arrangement pattern was adopted, the color moire was alleviated, but harsh texture irrten- 
5 sif ied (see Example 4). Here, if the random arrangement was adopted for Y in which the harsh texture was less noticeable, 
the color moire and the harsh texture were alleviated (see Example 6). 

Incidentally, Example 3 shows a case in which, in the conventional example in which the angles of arrangement of 
color-separated dots are changed with respect to the main scanning direction, the dot pitch ratio (i.e., sin30o : sin60o : 
sin90o : sin 1 5o) for the subscanning direction in a case where the angles of arrangement of Y, M, C, and K are respectively 
w set to 30, 60, 90, and 15 degrees is adopted only for the subscanning direction. 

From the above evaluation, it was possible to obtain substantially satisfactory results in the respective examples in 
the three-color-separated recording. With the four-color-separated recording, however, satisfactory results were obtained 
in Example 6 in which the random arrangement was adopted, as well as in Example 8 in which arrangement patterns 
for Y, M, C, and K were set to the normally arranged pattern, a 3/4 arrangement pattern, a 3/5 arrangement pattern, and 
is a 1/2 arrangement pattern, respectively. 

That is, the preferable pattern which gives a satisfactory result without adopting the random arrangement is the 
pattern in which the dot pitch ratio for the subscanning direction among Y, M, C, and K is set to 1 : 0.75 : 0.60 : 0.50. 

Incidentally, Example 8 shows a ratio which is capable of suppressing the color moire to a minimum; however, there 
are cases where horizontal-line moire a is generated due to the coincidence of a moire cycle depending on an image, 
20 as shown in Fig. 2. 

Accordingly, arrangement patterns are adopted in which, as shown in Fig. 3, the pitches of dots in the main scanning 
direction for Y and C, which have sub-scanning-direction dot pitches set as in Example 8, are set to 2-fold pitches, so 
as to reduce the resolution by one half. 

Namely, arrangement patterns are adopted in which the dot pitch ratio for the subscanning direction among Y, M, 
25 C, and K is set to 1 : 0.75 : 0.60 : 0.50, and the dot pitch ratio for the main scanning direction is set to 2 : 1 : 2 : 1 . In the 
dot pitch ratios for the respective scanning directions are taken into consideration, one preferable example of combina- 
tions for Y M, C, and K (the main-scanning-direction dot pitch and the sub-scanning direction dot pitch) are (150 dpi, 
300 dpi). (300 dip. 400 dpi), (150 dpi, 500 dpi), and (300 dpi, 600 dpi). 

Referring now to Figs. 4 to 8, a description will be given of the sequence of execution in the case where the dot 
30 pitch ratios for the main scanning direction and the subscanning direction among Y, M, C, and K are respectively set to 
2:1:2:1 and 1 : 0.75 : 0.60 : 0.50. Incidentally, a description will be given here of the conversion of resolution in the 
subscanning direction. 

First as shown in Fig. 4, gradation images of the respective colors represented by predetermined normally arranged 
patterns (e.g.. 300 dpi) by means of 8-bit (i.e., 256-gradation) data trains are processed for the subscanning direction 

35 by a 6-line cycle for each color. Incidentally, if the total number of lines in the subscanning direction of the gradation 
image is not a multiple of 6, a blank line is added to a final line, so as to set the total number of lines in the subscanning 
direction of the gradation image to a multiple of 6. 

Next, as shown in Fig. 5, the gradation image data for the subscanning direction is subjected to interpolation process- 
ing depending on the position of the gradation image, thereby converting the resolution. In the illustrated example, the 

40 resolutions in the subscanning direction of the respective gradation images of Y, M, C, and K represented by 300 dpi 
are respectively converted to 300 dpi, 400 dpi, 500 c£i, and 600 dpi. Edges can be made smooth by the conversion into 
high resolutions. 

Incidentally, although the resolution for Y is not converted, an averaging operation is executed in which an average 
value of a relevant line and an upper adjacent line is set as a value for the relevant line. At this time, a weighting factor 

45 of 50% is set to the relevant line and the upper adjacent line, respectively, so as to obtain a weighted average. This 
arrangement is provided to ensure that the density can be accurately reproduced even if an original image has a check- 
ered pattern. Here, an arrangement may be provided such that the weighting factor for the relevant line is set to 50%, 
and the weighting factors for the upper and lower adjacent lines are respectively set to 25%, so as to set an average for 
the relevant line with respect to the upper and lower adjacent lines as being a value for the relevant line. 

so Formulae for calculating the conversion of the resolution including the averaging operation are shown in Formulae 

1 to 4. Incidentally, in this arithmetic operation, since identical processing is repeated for each three lines of the precon- 
version line data, the number of a line block consisting of three-line data prior to conversion is set to n, and m-th pre- 
conversion line data (data train of a one-line portion) within that block is set to line (n, m) (n = 0, 1, 2, m = 0., 1, 2). 
In addition, upper-adjacent-line data with respect to a first line in processing is set to 0. Data is set to 256 gradations, 

55 and data value 0 is set to white, and data value 255 is set to a full density. 
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Formula 1 

5 

In the case of 300 dpi (Y) , 
10 preconverslon data line (n, m) (300 dpi) 

to postconversion data line' (n, k) (300 dpi) 



75 


line' 


(0, 


0) 


= 0»l/2 




+ line (0, 0)*l/2 




line ' 


(0. 


1) 


= line 


(0. 


0)»l/2 + line (0. l)»l/2 


SO 


line' 


(0. 


2) 


= line 


(0. 


l)«l/2 + line (0, 2)»l/2 


2S 


line' 


(n. 


0) 


= line 


(n- 


» 

1, 2)«l/2 + line (n, 0)#l/2 


30 


line' 


(n, 


1) 


= line 


(n. 


0)»l/2 + line (n, l)*l/2 




line' 


(n. 


2) 


= line 


(n. 


l)«l/2 + line (n. 2W/2 



35 



40 



45 



50 
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Formula 2 

5 

In the case of 400 dpi (M) , 
10 preconversion data line (n, m) (300 dpi) 

to postconversion data line* (n, k) (400 dpi) 



15 


line' 


(0, 


0) 


= 0*7/8 






+ line (0, 0)«l/8 




line' 


(0, 


1) 


= 0«l/8 






+ line (0, 0)»7/8 


20 


line' 


(0. 


2) 


- line 


(0. 


0) 


#3/8 + line (0, l)»5/8 


25 


line' 


(0, 


3) 


= line 


(0. 


1) 


•5/8 + line (0. 2)»3/8 


30 


line' 


(n, 


0} 


= line 


(n- 


1, 


2)*7/8 + line (n, 0)»l/8 




line* 


(n, 


1) 


= line 


(n- 


1. 


2)«l/8 + line (n, l)*7/8 


35 


line' 


(n. 


2} 


= line 


(n. 


0) 


♦3/8 + line (n, l)»5/8 




line* 


(n. 


3) 


= line 


(n, 


1) 


•5/8 + line (n, 2)»3/8 



Formula 3 

In the case of 500 dpi (C) f 

45 

preconversion data line (n. m) (300 dpi) 
to postconversion data line* (n, k) (500 dpi) 

so 

55 
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1) 






line* 
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l)»2/5 + 


line (n, 2) 


• 3/5 



Formula 4 



In the case of 600 dpi (K) , 
preconversion data line (n, m) (300 dpi) 
to postconversion data line' (n, k) (600 dpi) 



line' (0, 0) = 0«3/4 

line' (0. 1) = 0«l/4 

line* (0, 2) = line (0, 

line' (0, 3) = line (0, 

line* (0, 4) - line (0. 



♦ line (0, 0)»l/4 

♦ line (0, 0)»3/4 
0)*3/4 ♦ line (0, l)*l/4 

0) *l/4 + line (0. l)»3/4 

1) »3/4 * line (0, 2)»l/4 
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25 

Next, as shown in Fig. 7. pattern processing is executed in which the gradations of pixels subjected to each color 
separation after conversion of resolution are allotted to a submatrix, and the values of the submatrix are added to the 
gradation data after conversion of resolution. The submatrix is arrayed in 2<lot units in the subscanning direction, and 
the number of offset factors of the submatrix is set in correspondence with the gradation of the image so as to improve 

30 the gradation characteristic. For example, the number of offset factors of the submatrix for the medium is set to 4. and 
the number of offset factors of the submatrix for the highlight is set to 8, so as to improve the gradation reproducibility 
in the highlight Incidentally, the sequence of arrangement of the submatrix may be set in the same sequence for the 
entire pixels, or may be set randomly for each pixel. In this example, the case of addition is shown, but subtraction or 
the joint use of addition and subtraction may be used. 

35 The data of the gradation image is represented by 8 bits so as to represent 256 gradations. Depending on a recording 
apparatus, however, in the case where 256 gradations are recorded by 8-bit data, there are cases where a substantial 
recording time is required, or the 256 gradations cannot be recorded. 

Accordingly, a predetermined number of bits among the 8-bit data are canceled in correspondence with the number 
of offset factors of the set submatrix. If cancellation is effected, the relationship between the number of bits, n, which 

40 are canceled and the number of offset factors, D, of the matrix is defined by D - 2 .In addition, cancellation processing 
is executed with respect to low-order bits in the 8-bit data. 

That is, if the number of offset factors of the matrix is 4, the number of bits to be canceled is 2, and two low-order 
bits in the 8-bit data are set to 0s. If the number of offset factors of the matrix is 8, the number of bits to be canceled is 
3, and three low-order bits in the 8-bit data are set to 0s. 

45 Next, as shown in Fig. 8, masks of the illustrated patterns are superimposed on the respective color images, and 
the gradation data values of pixels corresponding to white portions are set to 0s, while gradation data values of pixels 
corresponding to black portions are extracted as they are. Incidentally, if the mask operation is executed with respect to 
a character region of the image, the continuity of gradations is lost Hence, if the gradation data values of the image 
having 256 gradations are 255 corresponding to the character, the mask operation is not executed, and the gradation 

so data values of 255 are extracted as they are. 

Although in the above-described embodiment cancellation processing is executed with respect to bits of the grada- 
tion data in a stage preceding the mask operation, the cancellation processing may be executed in a stage subsequent 
to the mask operation. 

In the aforementioned respective operations, the pattern dither processing and the cancellation processing are not 
55 essential items of processing, and are processings for alleviating the burden on the recording apparatus so as to satisfy 
the number of gradations and the recording speed which can be handled by the recording apparatus. Further, in the 
special mask operation of 255-gradation data, there are cases where better results are obtained depending on applica- 
tions even if the mask operation is not performed. 
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Fig. 9 illustrates a state in which patterns corresponding to the respective colors are superimposed one on top of 
another. As shown, moire cycles are dispersed as arrangement patterns having reduced resolutions in the main scanning 
direction are combined, thereby making it possible to avoid the aforementioned horizontal-line moire. 

The aforementioned arrangement pattern is applicable to one color or two or three colors among the four colors. In 
5 addition to being lowered to 1/2, the resolution in the main scanning direction is set in dot units, as in 1/3 or 1/4, and the 
reductions to the respective sizes are effective, respectively. These conditions are set depending on a image to be 
recorded. 

In addition, in a case where the resolution in the main scanning direction is lowered, two adjacent dots in the main 
scanning direction may be controlled to independent sizes on the basis of data peculiar thereto. That is, the resolution 

10 in terms of shape declines, but the resolution of data does not decline. Further, although in this embodiment the two 
adjacent dots are arranged completely in parallel to each other in the main scanning direction, the dots may be arranged 
by being slightly offset in the subscanning direction. 

The recording means which is capable of avoiding the aforementioned horizontal-line moire is not confined to a 
recording process based on thermosensitive transfer materials disclosed in Japanese Patent Application Laid-Open No. 

is 263695/1 993, and is also applicable to various multicolor-image recording processes, including known thermal transfer 
recording, dye-sublimation thermal transfer recording, thermal color recording (using such as thermo autochrome paper 
FJX-TV P-20 manufactured by Fuji Photo Film Co.. Ltd.), ink-jet recording, electrophotographic recording, color offset 
printing using such as a lith type film, and so on. In particular, the recording means used in the present invention is 
suitable to recording processes in which area gradations are adopted. 

20 Although the color moire and the harsh texture were alleviated even if dye-sublimation thermal transfer materials 
were used and the density gradation was applied to each color, the application is not suitable since the blurring of black 
characters was observable (see Comparative Example 6). Further, if the 1 /2 arrangement pattern was applied to K alone, 
the contours of black characters were made sharp as compared to Comparative Example 6 (see Example 9). As for the 
dye-sublimation thermal transfer materials used, the ink was a dye-sublimation-type A3 super ink sheet CH-791 man- 

25 ufactured by Seiko Instruments Inc., and the paper used was a dye-sublimation-type A3 plain paper CH-895 manufac- 
tured by Seiko Instruments Inc. 

In addition, if recording is effected in accordance with the above-described embodiment, since harshness factors 
such as rosette patterns, which are conventionally observable when printing is effected, are reduced, it is possible to 
obtain an image close to a photograph exhibiting a small amount of harsh texture particularly in the images which are 

30 formed by superimposing four color separations of 50% area ratio pixel. 

The above-described embodiment is applicable to direct thermal color recording, thermal transfer recording, and 
dye-sublimation thermal transfer recording in which images are recorded by thermal heads, respectively. The above- 
described embodiment is also applicable to electrophotographic processes, silver halide photographic processes, and 
recordings using photopolymer multicolor photosensitive materials in which images are recorded by liquid-crystal array 

35 line heads, respectively. The above-described embodiment is further applicable to electrophotographic processes and 
silver halide photographic processes in which images are recorded by LED line heads or EL line heads, respectively. 
Incidentally, the above-described embodiment is also applicable to laser recording in a case where an image is recorded 
on the basis of high-resolution image data in laser recording in the main scanning direction with a high resolution, since 
the problems which are overcome by the present invention are involved, and also in a case where an image is recorded 

40 on the basis of low-resolution image data, since a gradation image is obtained by making the resolution variable. 

Further, the above-described embodiment is also applicable to a case where recording is effected on an intermediate 
medium in addition to direct multicolor printing, so that it is applicable to, for instance, an output device using a lith film 
or a printing plate. 

Although in the above-described embodiment a description has been given of the case of recording an image, the 
45 embodiment is also applicable to the case of reading an image using, for instance, a line imaging element array. 

In the above-described embodiment, a description has been given of two-dimensional recording in which the direc- 
tions of one-dimensional arrangement of recording elements are defined as being the main scanning direction and the 
subscanning direction perpendicular to the main scanning direction. However, it goes without saying that the directions 
of one-dimensional arrangement of recording elements may be defined as being the subscanning direction and the main 
so scanning direction perpendicular to the subscanning direction. 

In accordance with the above-described invention, an arrangement pattern having a desired resolution in the sub- 
scanning direction can be formed by changing the cycle of arrangement of dots in the subscanning direction by a desired 
magnification. Accordingly, the resolution in the subscanning direction is made variable, thereby making it possible to 
suppress the color moire effectively. 
55 Furthermore, if resolutions in both the subscanning direction and in the main scanning direction are made variable, 
it is possible to avoid linear moire occurring when a particular image is recorded. 
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Claims 

1. A method of recording an image in which a multicolor image is recorded by moving in a subscanning direction a 
head having a plurality of recording elements arrayed in a main scanning direction to make variable a density or an 

5 area ratio of each recording pixel in correspondence with a density of an original image, and by combining colors 

of yellow, magenta, cyan, and black, wherein the pixel for each of the colors is constituted by a dot and/or a blank, 
the dot having a substantially fixed shape and a variable density, and/or the dot having a substantially fixed density 
and a variable shape, comprising the steps of: 

recording one color with an arrangement pattern having a particular fixed dot pitch; and 

10 recording at least two of the colors with respective patterns in which dot pitches in the subscanning direction 

are set to mutually different fractional multiples of the dot pitch of the one color. 

2. A method of recording an image in which a multicolor image is recorded by moving in a subscanning direction a 
head having a plurality of recording elements arrayed in a main scanning direction to make variable a density or an 

is area ratio of each recording pixel in correspondence with a density of an original image, and by combining colors 
of yellow, magenta, cyan, and black, wherein the pixel for each of the colors is constituted by a dot and/or a blank, 
the dot having a substantially fixed shape and a variable density, and/or the dot having a substantially fixed density 
and a variable shape, comprising the step of: 

setting a dot pitch ratio of colors of yellow, magenta cyan, and black to 1 : 0.75 : 0.60 : 0.50 in random order. 

20 

3. A method of recording an image in which a multicolor image is recorded by moving in a subscanning direction a 
head having a plurality of recording elements arrayed in a main scanning direction to make variable a density or an 
area ratio of each recording pixel in correspondence with a density of an original image, and by combining colors 
of yellow, magenta, cyan, and black, wherein the pixel for each of the colors is constituted by a dot and/or a blank, 

25 the dot having a substantially fixed shape and a variable density, and/or the dot having a substantially fixed density 
and a variable shape, comprising the steps of: 

recording the colors with respective patterns in which dot pitches in the subscanning direction are set to 
mutually different fractional multiples of the dot pitch of one particular color; and 

increasing the dot pitch in the main scanning direction of one or more colors to lower a resolution in the main 
30 scanning direction of the particular color. 

4. A method of recording an image in which a multicolor image is recorded by moving in a subscanning direction a 
head having a plurality of recording elements arrayed in a main scanning direction to make variable a density or an 
area ratio of each recording pixel in correspondence with a density of an original image, and by combining colors 

35 of yellow, magenta, cyan, and black, wherein the pixel for each of the colors is constituted by a dot and/or a blank, 
the dot having a substantially fixed shape and a variable density, and/or the dot having a substantially fixed density 
and a variable shape, comprising the step of: 

recording each of the colors with a pattern having a dot pitch in which dots are arranged randomly in the 
subscanning direction. 

40 

5- A method of recording an image in which a multicolor image is recorded by moving in a subscanning direction a 
head having a plurality of recording elements arrayed in a main scanning direction to make variable a density or an 
area ratio of each recording pixel in correspondence with a density of an original image, and by combining colors 
of yellow, magenta, cyan, and black, wherein the pixel for each of the colors is constituted by a dot and/or a Wank, 
45 the dot having a substantially fixed shape and a variable density, and/or the dot having a substantially fixed density 
and a variable shape, comprising the steps of: 

recording one color with a dot arrangement pattern having a particular fixed dot pitch; and 
recording another color with a dot arrangement pattern having a dot pitch in which dots are arranged randomly 
in the subscanning direction. 

50 

6. A method of recording an image in which a multicolor image is recorded by moving in a subscanning direction a 
head having a plurality of recording elements arrayed in a main scanning direction to make variable a density or an 
area ratio of each recording pixel in correspondence with a density of an original image, and by combining colors 
of yellow, magenta, cyan, and black, wherein the pixel for each of the colors is constituted by a dot and/or a blank, 
55 the dot having a substantially fixed shape and a variable density, and/or the dot having a substantially fixed density 
and a variable shape, comprising the steps of: 

recording yellow with a pattern having a dot pitch in which dots are arranged randomly in the subscanning 
direction; and 
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recording magenta, cyan, and black with respective fixed dot pitch patterns in which dot pitches in the sub- 
scanning direction are set to mutually different fractional multiples of the dot pitch of yellow. 

7. A method of recording an image in which a multicolor image is recorded by moving in a subscanning direction a 
head having a plurality of recording elements arrayed in a main scanning direction to make variable a density or an 
area ratio of each recording pixel in correspondence with a density of an original image, and by combining colors 
of yellow, magenta, cyan, and black, wherein the pixel for each of the colors is constituted by a dot and/or a bank, 
the dot having a substantially fixed shape and a variable density, and/or the dot having a substantially fixed density 
and a variable shape, comprising the step of: 

setting dot pitch ratios of colors of yellow, magenta cyan, and black in the main scanning direction and the 
subscanning direction to 2 : 1 : 2 : 1 and 1 : 0.75 : 0.60 : 0.50, respectively. 

8. A method of recording an image in which a multicolor image is recorded by moving in a subscanning direction a 
head having a plurality of recording elements arrayed In a main scanning direction to make variable a density or an 
area ratio of each recording pixel in correspondence with a density of an original image, and by combining colors 
of yellow, magenta, cyan, and black, wherein the pixel for each of the colors is constituted by a dot and/or a bank, 
the dot having a substantially fixed shape and a variable density, and/or the dot having a substantially fixed density 
and a variable shape, comprising the step of: 

setting dot pitch ratios of colors of yellow, magenta cyan, and black in the main scanning direction and the 
subscanning direction to 2 : 2 : 1 : 1 and 1 : 0.60 : 0.75 : 0.50, respectively. 

9- A method of recording an image according to Claim 7, further comprising the step of: 

consecutively executing in a predetermined pixel cycle a resolution conversion operation in which a resolution 
in the subscanning direction in color separation of yellow, magenta, cyan, and black each having a predetermined 
resolution is converted by interpolation processing, and a mask operation in which masks each having a predeter- 
mined pattern are superimposed on respective color-separated images with resolutions thereof converted, and a 
value of gradation data of the pixel which overlaps with the predetermined pattern among the pixels is set to a 0 so 
as to extract gradation image data of the respective colors. 

10. A method of recording an image according to Claim 9, further comprising the steps of: 

performing pattern processing in which gradations of the pixels of each of the colors are allotted to elements 
of a submatrix which is arranged in the subscanning direction in a unit of two pixels after the resolution conversion 
operation; and 

performing cancellation processing in which a predetermined number of low-order bits of the gradation data 
of each of the pixels before or after the mask operation. 

11. A method of recording an image according to Claim 10, further comprising the step of: 

determining the number of factors of the submatrix in accordance with the value of the gradation data. 

12. A method of recording an image according to Claim 9, wherein in the mask operation gradation data having a 
maximum value is extracted with respect to an image in which the value of the gradation data has a maximum value. 
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